ABSTRACT: This study addressed the question 'Does seagrass support a greater diversity and abundance of fish than bare sand over a large spatial scale?' The answer varied with both the measure used to describe the assemblages of fish, and the distance sand was from seagrass. Significantly more species were collected from Zostera capricomi than from sand at least 100 m from this seagrass in 89 % of locations. At 58 O/ O of locations, Zostera also contained more species than sand within 10 m of the seagrass. When 2 species with very patchy distributions were excluded from analyses, Zostera held sigllificantly more fish individuals than sand > 100 m away at 66 % of locations. However, Zostera did not consistently contain more fish individuals than sand within 10 m of seagrass: Zostera had significantly more fish In 25 % of locations, adjacent sand had more fish in 25 % of locations and there were no differences in the remaining comparisons. Most of the common species were found predominantly in Zostera or the adjacent sand. There were prominent dissimilarities in relative abundance of species in samples from the 3 habitats, although samples from Zostera were more similar to those from adjacent sand than to those from sand > 100 m away. We conclude that (1) Zostera supported more species and individuals, and different species, than sand > 100 m from seagrass at a majonty of locations, and (2) the fish assemblage associated with sand within 10 m of Zostera had fewer, and ddferent, species than the seagrass at a majority of locations but supported as many individual fish as Zostera.
INTRODUCTION
It is widely reported that seagrass beds support different species, and a greater diversity and abundance, of fish than bare substrata (Kikuchi 1966 , Branch & Grindley 1979 , Orth & Heck 1980 , Beckley 1983 , Stoner 1983 , Bell et al. 1987 , Heck et al. 1989 , Sogard 1989 , and other references in Bell & Pollard 1989) . The structural complexity provided by seagrass shoots is thought to provide habitat, give protection from predators, and supply food in a way not available in the absence of seagrass (Kikuchi & Peres 1977 , McRoy & Helfferich 1980 . With exception of protection from predators (see reviews by Orth et al. 1984 and Pollard 1989) , mechanisms that might explain how the properties of seagrass result in increased diversity and abundance of fauna are not well understood. Instead, comparative studies form much of the basis for the conclusion that seagrasses are 'better' places for fish than bare substrata.
In many cases the comparisons between vegetated and bare substrata have been limited. Sampling was O Inter-Research/Printed in Germany either restricted to one sand or seagrass habitat at a site, or where more than one site was used, sampling was Limited to one bay or estuary. These sampling weaknesses seem to have occurred because contrasts between seagrass and bare substrata were often not the main reason for the study (e.g. Kikuchi 1966 , Orth & Heck 1980 , Beckley 1983 , Stoner 1983 , Bell et al. 1987 , Whitfield et al. 1989 .
There are at least 4 reasons to question the general~ty of the conclusion that seagrasses support more fish than bare substrata. First, some assemblages of fish associated with bare areas have greater diversity and abundance than those found in Zostera seagrass beds (Hanekom & Baird 1984 , Heck & Thoman 1984 . Second, bare sand can support great densities of juvenile fish in its own right (Bennett 1989) . Third, there is some evidence that diversity and abundance of fish associated with bare substrata can depend on proximity to vegetation. For example, collections of fish made on sand near seagrass beds (Sogard 1989) , and the edges of accumulations of macrophytes (Robertson & Lenanton 1984) , contained more fish than samples taken from sand well away from vegetation. Fourth, some species of fish shelter in seagrass but feed over bare substrata (Robertson 1980 , Summerson & Peterson 1984 .
Managers of estuaries are often faced with decisions about the relative importance of different substrata to fish. Because much of the existing data are equivocal, and limited to small spatial scales, decisions about the relative importance of seagrass and bare substrata as habitats for fish over large areas of coast cannot be made with confidence. Clearly, it is important to answer the question 'Does seagrass support a greater diversity and abundance of fish than bare sand over a large spatial scale?'
Here, we answer this question by comparing assemblages of small fish from Zostera capricorni with those from sand at 3 locations in each of 4 Australian estuaries. At the same spatial scales, we also test whether sand adjacent to Zostera has the same assemblage of fish as sand hundreds of metres away.
METHODS
Study areas. We used 4 estuaries, spread over 300 km of the NSW coast for this study: Botany Bay, Port Hacking, Jervis Bay and Batemans Bay (Fig. 1) . In each estuary, we sampled 3 habitats at each of 3 locations. The habitats were Zostera capncorni seagrass beds, bare sand within 10 m of the edge of such Zostera beds ('adjacent sand'), and bare sand between 100 and 1000 m from Zostera ('distant sand'). The 3 locations within an estuary were usually separated by at least 2 km. All sampling was done in daylight hours between 12 March and 4 April 1989.
In all estuaries, Zostera beds were situated on the shallow fringe of the subtidal zone. The largest beds were about 150 X 15 m, but many were smaller, or fragmented into patches of 10 to 15 m in diameter interspersed with sand.
Collection of fish. We used a seine net made of knotless netting with a stretched mesh size of 6 mm to sample small species of fish, and juveniles of larger species. The seine did not have a 'cod end', and relied on the 2 m drop of the net to concentrate the catch.
Sampling was done around low tide in 0.2 to 0.6 m of water. The area sampled by the net was 25 m' . This was done by placing 2 poles 5 m apart, pulling the net out 5 m from one pole (perpendicular to the line between the poles), and then walking the net around the remaining perimeter of the 5 X 5 m square. The net was kept entirely within the habitat being sampled. Fish were caught by pursing the net.
At some locations, the shore dropped away more steeply and the Zostera beds were not always 5 m across. In these cases, the poles and the length of the net were used as a guide to estimate an equivalent area of seagrass.
At each location, 4 replicate hauls of the seine were made in each habitat. Hauls were made haphazardly within Zostera and adjacent sand habitats. Hauls within a habitat, and between Zostera and adjacent sand, were always separated by at least 5 m. The distant sand habitat was sampled separately. Samples were fixed in 10 % formalin and all fish were identified to species.
Analysis of data. We used ANOVA to test the null hypothesis that there was no difference in the fish assemblages associated with Zostera, adjacent sand and distant sand habitats among locations within estuaries, or among estuaries. The variables analysed were: total number of fish species, total abundance of fish, and abundances of common species, i.e. species that occurred in more than 2 estuaries and had more than 50 individuals in total. The ANOVA model we used had locations nested within estuaries, and treated habitats and estuaries as fixed factors. Homogeneity of variance was tested by Cochran's test and data were transformed to l n ( x + l ) as necessary. For some species, transformation did not produce homogeneous variances. In such cases, we used ANOVA anyway, because it is fairly robust to departures of variances when sample sizes are equal (Box 1953 ), but we set cu = 0.01 to compensate for the increased likelihood of Type I error (Underwood 1981) . Where ANOVA indicated significant differences among means, the Student-NewmanKeuls (SNK) test was used to distinguish among them. In J e~s Bay, we could sample from the distant sand habitat at only 2 of the 3 locations. We overcame this problem by analysing the data in 2 major subsets ( Table 1 ). The first included data from all 3 habitats in Botany Bay, Port Haclung and Batemans Bay. In the second analysis, data from Zostera and adjacent sand were compared for all 4 estuaries. This approach gave a more conservative analysis than one in which all levels of each factor were used with unequal sample sizes but meant that data from distant sand in J e~s Bay were not used in ANOVA.
Some species (with total n > 50) did not occur in all habitats and/or all estuaries. When less than 5 % of the total abundance of a species was recorded in a particular estuary or habitat, that level of the factor was not analysed and the degrees of freedom for the test were reduced appropriately.
The Canberra metric dissimilarity index (Ross et al. 1986 ) was used to distinguish differences in relative abundance and composition of species among estuaries and habitats. A l l species were included in this Table 31 . Results across locations in estuaries and transformed to from Port Hacking (Fig. 2b ) provide an example of this l n ( x + l ) . variation in differences among habitats from one location to the next: significantly greater numbers of species were found in Zostera than in adjacent sand at only 2 of 3 locations, and adjacent sand had more species than distant sand at only one location. Overall,
RESULTS

General description of fauna
Seventy-one species, and 24 623 individual fish, were collected from all locations. Two species, Velambassis jacksoniensis (15 369 individuals) and Myxus elongatus (3202 individuals), dominated the catch. The distributions of these species were very patchy. V. jacksoniensis occurred in 70 of 140 hauls, but >7000 individuals were taken from Zostera at a single location in Jervis Bay, and 3500 were collected in Zostera at one location in Port Hacking. Similarly, M. elongatus was present in 37 of 140 hauls, and 1650 individuals were collected from distant sand in one location in Port Hacking, while 900 were caught from distant sand at one location in J e~s Bay. When V. jacksoniensis and M. elongatus were excluded, the other 15 common species comprised > 83 O/O of the remaining catch.
Similar numbers of species were found in Zostera and adjacent sand, and both these habitats had more than twice as many species as did distant sand (Table  2 ). Many species occurred in 2 or more habitats. The overlap in species between the Zostera and adjacent sand was particularly high (Table 2) within estuaries [see H X L(E) interaction term for the Note that SNK tests were done on transformed data Table 3 . F-ratios from ANOVA for the '3H X 3E' and '2H x 4E' sets of data (see Table 1 ) for total number of species (Spp.), total number of individuals (Inds.), and total number of individuals excluding Velarnbassis jacksoniensis and Myxus elongatus (1nds.-2 spp.) A: data transformed to l n ( x + l ) . 'p<0.05, ' ' p <0.01
significantly more species were collected from Zostera than from distant sand at 8 of the 9 locations used in the ANOVA. Similarly, adjacent sand had significantly more species than distant sand at 4 of 9 locations. In no case did distant sand support more species than Zostera or adjacent sand.
Results for the comparison of Zostera and adjacent sand across all 4 estuaries were similar; differences between the 2 habitats were not consistent among locations within an estuary (Table 3) . In Batemans Bay, for example, Zostera had more species than adjacent sand at only 2 of 3 locations (Fig. 2c) . Overall, Zostera had a significantly greater mean number of species than adjacent sand at 7 of 12 locations, and adjacent sand never supported a significantly greater mean number of species than Zostera.
Variation in mean abundance of fish
Abundant species with patchy distributions can mask patterns in total abundance of the remaining species. Consequently, we have presented results for mean abundance of all fish with and without Velambassis jacksoniensis and Myxus elongatus.
All individuals. The mean total number of fish differed among the 3 habitats (Fig. 3a) , but the differences depended on the location within an estuary (Table 3) . Data from Port Hacking illustrate such differences (Fig.  3b) . There, a different habitat at each location had a significantly greater mean number of individuals than the other habitats. Considering the 3 estuaries together, Zostera had significantly more individuals than distant sand at 5 of 9 locations, and adjacent sand had significantly greater numbers than distant sand at 5 locations. At one location, distant sand had significantly more individuals than Zostera and adjacent sand.
There were significant differences in mean total number of fish in Zostera and adjacent sand in the analysis based on 4 estuaries, but only for some locations within estuaries (Table 3) . For example, significantly more fish were collected in Zostera at just 2 of 3 locations in Jervis Bay (Fig. 3c) . Overall, Zostera had significantly more individuals than adjacent sand at 5 of 12 locations, whereas adjacent sand had more individuals at 2 locations.
Total individuals, excluding Velambassis jacksoniensis and Myxus elongatus. When V. jacksoniensis and M. elongatus were excluded, there were also differences in mean abundance of fish associated with the 3 habitats (Fig. 4a ). These differences again depended on the location within an estuary (Table 3) . The data from Batemans Bay provide a typical example. There, significantly more fish were collected from Zostera than from distant sand at 2 of 3 locations (Fig.   4b ). When all 9 locations were considered, this pattern occurred at 6 of them. There were also more individuals in adjacent sand than distant sand at 6 of 9 locations. Distant sand never had significantly more individuals than Zostera or adjacent sand. There were significant differences in mean numbers of individuals found in Zostera and adjacent sand in the analysis across the 4 estuaries. These differences also depended on location within estuary (Table 3) . For example, Zostera had significantly more fish than adjacent sand at Location 1 in Port Hacking, but the reverse was true at Location 3 (Fig. 4c) . Overall, Zostera had significantly greater numbers of individuals at 3 of 12 locations, whereas adjacent sand had significantly more fish at another 3 locations. Note that SNK tests were done on transformed data main groups: those found predominantly in either Zostera or adjacent sand. We considered that a species was predominant in a habitat i f it occurred there exclusively, or when abundances were greatest in that habitat in the majority of estuaries. Species occurring predominantly in Zostera. Seven species were collected mainly from Zostera (Fig. 5) . In all cases, individuals were scarce in distant sand (Fig.  5 ) and so data were analysed only for differences between Zostera and adjacent sand across all estuaries. For 5 of the 7 species, there was a significant H X L(E) interaction (Table 4 ), indicating that Zostera did not support greater numbers of individuals than adjacent sand at all locations within an estuary. For these 5 species, there were 17 combinations of species X estuary where > 5 % of species abundances could be compared between Zostera and adjacent sand. Thus there were 51 instances where abundances could be compared between Zostera and adjacent sand. In 31 of these comparisons, abundances were significantly greater in Zostera. In all but 2 of the remaining 20 instances there was no difference in abundance between Zostera and adjacent sand because fish were absent or very scarce in both habitats.
Abundance of Pseudogobius olorum, one of the remaining 2 species, did not differ significantly anlong locations within estuaries, but they did differ significantly among habitats and estuanes (Table 4 , Fig. 5 ).
For the other species, Girella tricuspidata, abundances were significantly greater in Zostera (Table 4 , Fig. 5 ).
Species occurring predominantly in adjacent sand. Seven species were also collected predominantly from adlacent sand (Fig. 6) . Except for Sillago ciliata, these species were also caught only in very low numbers in distant sand, and so analysis was limited to a comparison of Zostera and adjacent sand. There were significant H X L(E) interactions for 5 of the 7 species (Table  4) . Thus, abundances were not always greater in adjacent sand than in Zostera at all locations within an estuary. For these 5 species there were 42 instances where abundances from adjacent sand and Zostera could be compared. Abundances were significantly greater in adjacent sand than in Zostera for 25 of these. For the remaining 17 instances, there was no difference in abundance between the 2 habitats because fish were absent or very scarce in adjacent sand and Zostera.
The analysis did not demonstrate significant habitat differences (a = 0.01) for Acanthopagrus australis, one of the remaining 2 species (Table 4) . For the other species, Rhabdosargus sarba, there was a significant effect for location (Table 4 ) . This was caused by occurrence in both h a b~t a t s at just one of the 3 locations In Botany Bay.
Other patterns of abundance. The only common species that could not b e placed in the above 2 groups was Atherinosoma microstoma. It was present in 2 estuaries. In Port Hacking, it occurred in significantly greater numbers in adjacent sand than in the other 2 habitats. In Botany Bay, abundances were significantly greater in distant sand.
Similarity of fauna among habitats and estuaries
In all but one case, samples from the same habitat in different estuaries were more similar to one another than to samples from different habitats in the same estuary (Fig. 7) . Samples from Zostera in Batemans Bay were the exception; they were more similar to all samples from adjacent sand than to samples from Zostera in other estuaries. The samples from adjacent sand and Zostera were more similar to each other than to those collected from distant sand (Fig. 7) .
DISCUSSION
Differences in diversity, abundance and species composition
The answer to the question, 'Does seagrass support a greater diversity and abundance of fish than sand over a large spatial scale?', changed depending on how far sand was from seagrass, and the variable chosen to measure use of the habitats. Analysis of mean number of species showed that Zostera supported more species of fish than sand at a majority of locations. This was more apparent for the comparisons between Zostera and distant sand than for those between Zostera and adjacent sand. Zostera had significantly more species than distant sand at 8 of 9 locations, whereas Zostera had more species than adjacent sand at only 7 of 12 locations. The classification analysis clearly separated samples from each of the 3 habitats, irrespective of estuary. This showed that the habitats supported different species, or that there were differences in relative abundance of species among habitats. Note, however, that the fauna from adjacent sand was more simllar to that from Zostera than to the fauna from distant sand.
When the total abundance of fish (excluding 2 species with very patchy distributions) was used to compare Zostera and bare sand, the answer to our question was completely different. Zostera did not have significantly greater numbers of fish at a majority of locations. Adjacent sand had significantly more fish than Zostera at 3 locations, the opposite was true at another 3 locations, and there were no significant differences between Zostera and adjacent sand a t the remaining 6 locations. Moreover, adjacent sand was as different to distant sand as Zostera was to distant sand, i.e. both habitats had significantly more fish than distant sand at 6 of 9 locations.
The apparently comparable result for total number of fish associated with Zostera and adjacent sand was due mainly to the nature of this variable. It combines abundances of several species, and major problems in interpretation can arise when reciprocal patterns of abundance occur for different species (see Bell & Westoby 1986a) . This was the case here. Although Zostera and adjacent sand had equal abundances of fish at 6 of 12 locations, the 2 habitats had different species of fish. This was evident in analyses of abundances of common species. These species were divided equally into those found predominantly in Zostera or adjacent sand.
In summary, Zostera had more fish species and individuals, and different specles of fish, than sand > 100 m from seagrass at a majority of locations. On the other hand, fish assemblages from sand within 10 m of Zostera were more similar to those of Zostera than to fish assemblages found over sand further away.
Variation in use of habitats
Most common species 'preferred' either Zostera or adjacent sand. However, this was not the case at all locations within an estuary. Although we cannot say exactly why this happened, patterns of abundance for species found predominantly in adjacent sand, or Zostera, provide a possible explanation. For these species, inconsistent results occurred mainly because individuals were absent from both habitats rather than equally abundant in both. Absence of marine species with pelagic larvae from potentially suitable habitats is well documented. There are at least 2 possible reasons: local failure of recruitment (Bell & Westoby 198613, Doherty & Williams 1988 , Underwood & Fairweather 1989 ) and recruitment to a restricted part of the available habitat ). It is not surprising, therefore, that when abundances of several species were summed over a large number of locations, fish associated with Zostera were, on average, no more numerous than those found over adjacent sand.
The finding that adjacent sand supported comparable numbers, but different species, of fish to Zostera during the day is novel. Bare substrata adjacent to seagrass has been recognised as a foraging habitat for fish associated with seagrass, but only at night (Summerson & Peterson 1984) . Also, Sogard (1989) found that fish readily colonised artificial seagrass placed near real seagrass. Both studies demonstrate that some fish readily leave seagrass and cross nearby bare substrata. Thus we might expect fish caught over adjacent sand to be 'seagrass' fishes. This was not so in southeastern Australia. The species most abundant over adjacent sand were not a subset of species found in both Zostera and sand < 10 m away. They were found predominantly over adjacent sand.
Seagrass is believed to support diverse and abundant assemblages of fish partly because it offers protection from predators (Bell & Pollard 1989 , and references therein). It is appropriate to ask whether availability of nearby shelter enabled species to use the area immediately around seagrass. Although this cannot be tested without further behavioural studies, existing information suggests it was not the case. All the common species found in adjacent sand had mechanisms for avoiding predation in the absence of shelter. The 3 species of Favonigobius are benthic and highly cryptic against soft substrata. The other 4 species have strong schooling behaviour. The distributions of these fish, most of which are benthic predators (McDonald 1981 , Middleton et al. 1984 , Robertson 1984 , Burchmore et al. 1988 , suggest that the supply of food in adjacent sand may be greater than in distant sand. There are no data from Australia to evaluate this, but data from one location overseas show that there was no variation in infauna of sand within 15 m of the edge of seagrass (Summerson & Peterson 1984) .
An alternative hypothesis is that species predominant in adjacent sand during the day shelter in Zostera at night. This is based on studies of the behaviour of schooling fish, associated with beds of Posidonia in the Mediterranean. These fish occupy the water column during the day and shelter among the seagrass at night (see references in Bell & Pollard 1989). However, Summerson & Peterson (1984) found that fish associated with Zostera marina and Halodule wrightii sheltered among the seagrass during the day. Identification of the mechanism(s) accounting for the high density of fish adjacent to Zostera capricorni in southeastern Australia is an important area for future research.
Implications for management
Bell & Pollard (1989) provide guide-lines for management of seagrass beds in estuaries to maintain populations of fish. The spatial scale of our study was sufficient to show that Zostera, and the area immediately around it, usually support nluch greater diversity and numbers of fish than sand > l00 m away from Zostera. Clearly, areas adjacent to Zostera beds should be managed as carefully as the seagrass itself. This point is reinforced by the fact that 4 of the 7 common species associated with sand within 10 m of seagrass were of comn~ercial or recreational value. The use of 'edge habitats' among patchy seagrass by fish of economic value has been noted previously, but only for single species (e.g. Holt et al. 1983 , Burchmore et al. 1988 .
In some situations, managers will have to make decisions about the size of buffer zones around seagrass beds. It is reasonable to assume that developments which cause an impact within 10 m of Zostera beds have potential to affect large numbers of fish, relative to developn~ents more than 100 m from seagrass beds. The scale of our study was not fine enough to detect the exact size of the area adjacent to Zostera beds that supports comparable numbers of fish to the seagrass itself. This remains an important question for managers of estuanes in southeastern Australia.
